Purpose: To assess the impact of direct-to-consumer marketing for genetic testing among women of varying genetic risk for breast and ovarian cancer. Methods: Telephone surveys were conducted with 315 women in Denver, Colorado, one target audience for the Myriad BRACAnalysis ad campaign. Genetic risk was determined from personal and family history and grouped by probability of having a BRCA1/2 mutation (low Ͻ5%, moderate 5-Ͻ10%, high Ն10%). Results: High-risk women were more knowledgeable about BRACAnalysis and more likely to recall the media ads than were low-risk women (60 vs. 39%, P Ͻ 0.01). After seeing the ads, about 40% of women were more interested in testing and about 10% expressed increased worry about developing breast or ovarian cancer. Women across all risk groups overstated the benefits and appropriateness of testing. An equal percentage of high-and low-risk women (51 and 60%) felt that they would benefit from genetic testing. Conclusion:
Scientific and technologic advances have enabled us to identify individuals who are genetically predisposed to cancer. Although it is appropriate to inform individuals who seek information about their genetic risk in clinical settings, it is not yet clear how to best educate the general population about cancer genetic testing. Direct-to-consumer advertising for pharmaceuticals is now commonplace in this country, but the potential ratio of benefit to risk of direct-to-consumer marketing of cancer genetic testing is unknown.
In September 2002, Myriad Genetics launched a pilot consumer awareness campaign in the Denver, Colorado, and Atlanta, Georgia media markets to promote awareness of BRACAnalysis, a genetic test for inherited mutations in the BRCA1 and BRCA2 genes that substantially increase risk for breast and ovarian cancer. 1 Mutations in BRCA1 and BRCA2 account for about 4% of all breast cancers and 8% of all ovarian cancers. [2] [3] [4] The lifetime risk for breast and ovarian cancer among mutation carriers is about 80% and 40%, respectively when compared with 12% and 1% in noncarriers. 5, 6 The campaign consisted of television, radio, and print ads over a 5-month period that were intended to increase awareness about BRACAnalysis and to encourage women to speak with their health care providers about genetic testing for breast and ovarian cancer. Myriad defined the target population for the campaign as women aged 25-54 who had a relative with breast or ovarian cancer.
To assess the impact of the Myriad campaign on the general population, the Centers for Disease Control (CDC) conducted a postmarket survey of women living within the two target areas (Denver and Atlanta) and two control areas (RaleighDurham, NC and Seattle, WA). 7 The CDC survey was conducted by telephone on a random sample of the female population in the marketing areas and captured information regarding personal risk perception, knowledge, and beliefs about genetic testing and BRACAnalysis, and the potential impacts of the ads. The survey was administered on a random sample of the population designed to assess attitudes about BRCA testing principally among women who would not be regarded as eligible for this genetic test as the prevalence of these mutations in the general population is rare. It is estimated that only 5 of every 1000 women has an inherited mutation in BRCA1 or BRCA2. 8 To assess whether the campaign may have differentially impacted women at increased risk for genetic predisposition, we conducted a parallel study to accompany the CDC survey in the Denver market area to measure awareness and impact of the me-dia campaign in a population of women with known familial risk for breast and ovarian cancer. We sought to compare the impact of the Myriad ad campaign on the knowledge and beliefs about genetic testing among women at average risk and among women at increased risk for having a BRCA mutation.
MATERIALS AND METHODS

Study population
Our study population consisted of women enrolled in the Cancer Genetics Network (CGN) at the University of Colorado Cancer Center. The CGN is an National Cancer Institutefunded national registry of families affected by various types of cancer 9, 10 ; the University of Colorado is 1 of 14 participating CGN sites. The Colorado CGN represents a population-based sample of individuals with varying familial risk for cancer. For the CGN, individuals diagnosed with cancers of the breast, ovary, colon, lung, or prostate in Colorado between 1999 and 2000 were identified by hospital tumor registries and the Colorado Central Cancer Registry. These individuals were contacted by mail and asked to complete a brief family history survey. Based on this information, individuals were invited to participate in the CGN. Individuals with family history of cancer were oversampled for inclusion in the registry but approximately 30% of cases without positive histories were also sampled and enrolled. In addition to enrolling affected individuals, unaffected, first-degree relatives of cases that enrolled in CGN were also invited to participate.
For the current study, women aged 25-54 who were enrolled in the Colorado CGN, had been diagnosed with breast or ovarian cancer in 1999 or 2000 or were unaffected but had a firstdegree relative who had been diagnosed with breast, ovarian, colon, or prostate cancer during this time, were included. Eligible women must also have been living within the 5-county Denver Metro Area during the Myriad media campaign (September 2002 -February 2003 . Based on these criteria, a total of 492 eligible women were identified and invited to partake in the survey.
Survey instrument
We used the survey instrument developed by the CDC for their random population survey, modified slightly to accommodate our study population. 7 Because personal and family history of cancer for our population was known, we omitted these questions from our survey. We also omitted questions about perceived risk and worry about developing cancer for women known to have had breast or ovarian cancer. With the exception of these omissions, the wording of the remaining questions was not changed to preserve comparability of data across study populations.
Eligible subjects were contacted first by mail to introduce the study and then by telephone to administer the survey. The surveys were conducted over a period of 3 months, approximately 8 -10 months after the Myriad campaign was launched. Telephone surveys took an average of 15 minutes to complete. Interviewers were trained to assure standardization of the survey responses. A protocol was also implemented for establishing contact and for tracking subjects with invalid contact information. Multiple attempts were made to contact subject at various times of the day. Survey data were linked with family history and personal medical history information previously provided by participants as part of their enrollment into the CGN.
Risk of mutation
Women were categorized into one of three risk groups defined by the probability of having a BRCA mutation. Probabilities were estimated using Mutation Prevalence Tables produced by Myriad Genetic Laboratories 11 in conjunction with family history information previously provided by participants upon enrollment into the CGN including affected status of the individual, number of breast and/or ovarian cancers in the family (up to second-degree relatives), the ages of diagnoses, and Jewish ancestry. Women with 10% or greater probability of carrying a mutation were considered to be "high risk," probabilities between 5% and 10% were considered "moderate risk," and probabilities of Ͻ5% were considered "low risk." Mutation risk of 10% or greater was selected as a cut point for high risk, as this corresponds to the probability of carrying a mutation for any of criteria described as high risk and recommended for genetic testing in the 2008 National Comprehensive Cancer Network (NCCN) guidelines. 12 Comparison of responses across groups was performed using 2 test of proportions. All analyses were done using SAS statistical analysis software (SAS Institute, Cary, NC). This study was approved by the Colorado Multiple Institutional Review Board (COMIRB), and informed consent was obtained from all participants.
RESULTS
Of the 492 women invited to participate, 315 women completed the telephone survey (64% response). We were unable to contact 96 women within the survey period (of 3 months) and 80 women refused participation. The median age of respondents was 45 years; the majority was non-Hispanic white (94%) and had more than a high-school education (91%) (Table 1). Over half of respondents had previously been diagnosed with cancers of the breast or ovary. Nonrespondents (n ϭ 176) were younger than participants (P ϭ 0.002), less educated (P Ͻ 0.001), and less likely to have had cancer (P Ͻ 0.001). There was no difference between participants and nonresponders with respect to ethnicity or reported Jewish ancestry (Table 1) .
Approximately 20% (N ϭ 63) of all respondents were categorized as high risk for having a BRCA mutation based on the Myriad Prevalence Tables (Ն10% risk) (Table 2 ). The remaining 80% of women were about equally divided between the moderate risk (N ϭ 122) and low-risk groups (N ϭ 130). High-risk women tended to be younger, more educated, and more likely to be of Jewish ancestry than low-risk women. Risk groups were similar with respect to race/ethnicity. The vast majority of high-and moderate-risk women were affected,
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whereas the majority of low-risk women (73%) were not affected by cancer. Twenty-seven women reported having undergone genetic testing before the start of the ad campaign, which included 18 of 63 high-risk women (33%), 7 moderate risk (6%), and 2 low risk (2%). Although testing could not be verified, we assumed that this was true and that these women had received additional information about genetic testing that may bias their responses to the survey so they were excluded from further analyses.
Over 70% of women said that they had heard of BRACAnalysis (Table 3) . However, women at high or moderate risk were more likely to have heard of BRCAnalysis than were women at low risk (71 and 83%, vs. 60%; P ϭ 0.01). High-risk women also considered themselves more knowledgeable about genetic testing than did low-risk women. Among those who had ever heard of BRACAnalysis, over 40% of all women said that they were interested in having the test. This proportion did not vary substantially by risk group.
Women at high and moderate genetic risk were more likely to recall having seen the advertisements for BRACAnalysis than were women at low risk (60%, 57%, vs. 39%, P Ͻ 0.001) ( Table 3) . Among women who could recall having seen the ads (adding an additional 20 women who could recall the ad but only after interviewer prompted them about the nature and content of the ads), about 40% said that they were more interested in having the BRACAnalysis test after seeing the ad; this percentage was slightly higher in the high-risk group (48% vs. 39% moderate risk vs. 32% low risk, NS). When asked how concerned they were about their personal risk for developing breast or ovarian cancer after seeing the ad, about 10% of women in each group reported feeling more concerned about their own risk; however, the majority of women stated that their concern remained the same as it was before seeing the ad.
Responses to survey questions intended to elicit more specific knowledge about the appropriateness and efficacy of genetic testing were fairly similar across risk groups, although there were some differences ( Table 4 ). The majority of women, about 70%, stated that they would want to know if they had the breast cancer gene. However, a lower percentage of low-risk women were confident they could get the BRACAnalysis test if they wanted it (P Ͻ 0.05). A similar percentage of high-and low-risk women thought that "because of their family history, they were likely to benefit from testing" (51% high risk vs. 60% low risk). Low-risk women were more likely than high-risk women to agree with the statement that "genetic testing benefits most women who have it" (64% vs. 40% of high risk, P Ͻ 
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In addition to the 27 women who reported having been tested before the campaign, seven women among the 315 interviewed (2.2%) said that they had been tested by BRACAnalysis within the year after the ad campaign (Table 5) . Another 37 women indicated that they had decided to get tested in the future (6 high-risk, 17 moderate risk, and 14 lowrisk women); however, only five of these women had made appointments to do so. Forty-one women had decided not to be tested and 121 women remained undecided. About 35% of women said that they had discussed genetic testing with someone since the time of the campaign, and this was more common among women that could recall having seen the ads across all risk groups.
DISCUSSION
The Myriad campaign was the first such mass media effort to promote genetic testing to the general population. Our data indicate that the campaign reached a large audience, and that women at increased genetic risk, who would be candidates for genetic testing, were more likely to recall having seen the ads than were women at lower risk. Nearly one half of high-risk women, who could recall seeing or hearing the ads, stated they were more interested in having testing, suggesting that the campaign may have impacted this population. However, that at least one third of low-risk women surveyed, who would not be considered at risk for having a BRCA1 or BRCA2 mutation, also expressed increased interest in testing, suggests that the ads may have been too broad in scope.
The current study was intended to parallel the CDC study aimed at assessing reaction to the campaign among a random sample of women living in the two campaign and control cities. 7 Compared with the CDC Denver study, our respondents reported greater knowledge about BRACAnalysis (73% vs. 45%) and interest in testing (46% vs. 38%). This is likely explained by the difference in patient populations between studies. By design, the CDC study focused primarily on averagerisk women, whereas our study targeted women with known genetic risk. Thus, heightened awareness about genetic testing in our respondents might be expected. With respect to ad recall and self-described knowledge about genetic testing, responses from the CDC Denver study are similar to those among our low-risk women; about 36% recalled the ad and about 60% report little or no knowledge about genetic testing. A higher proportion of respondents in our study said that they had discussed genetic testing with someone during the months after the campaign (34% vs. 8%), and this was true even among our low-risk group, 26% of whom said they had discussed testing.
In the current study, we found that women were misinformed about the appropriateness of testing for themselves and others suggesting a need for more education surrounding this issue among all women. Of particular concern was the number of low-risk women who believed their family history made them candidates for testing. Only one third of low-risk women agreed that "the chance of them having a mutation was low." Furthermore, a similar proportion of high-and low-risk women (51 and 60%) felt that because of their family history, they would benefit from testing. Although this is an appropriate response for women in the high-risk group, genetic testing would not be recommended for any women in the low-risk group. Current indications for referral for genetic testing generally follow the NCCN guidelines 12 that recommend referral for women with a strong personal and/or family history of breast and ovarian cancer that is consistent with a 10% or greater risk for a BRCA1 or BRCA2 mutation by the Myriad tables. 11 All women in our low-risk group had mutation probabilities of Ͻ5% and, thus, would not be candidates for testing. Despite the fact that we did not also see an increase in the number of women who had sought testing after the campaign, several low-risk women indicated they had decided to pursue testing in the future thus the potential exists for an increase in demand for genetic services in this group. This was confirmed by a study conducted at Kaiser Permanente Colorado by Mouchawar et al. 13 that reported an increase in genetic counseling referrals during and after the time of the Myriad campaign, the majority of which were for low-risk women. An increase in low-risk referrals may put a burden on the health care system by increasing demand for genetic services for which there is a limited pool of resources. Furthermore, increased demand services may delay services for those women at high risk who likely would benefit most from genetic counseling and genetic testing. We also found that women across all risk groups overstated the benefits of genetic testing. Over one half of all women surveyed felt that genetic testing benefits most women, and less than one third agreed that testing is only useful for a small percentage of women. In reality, genetic testing is beneficial for a relatively small proportion of women with significant personal or family history of breast and/or ovarian cancer or who have a known mutation in their family. The latter likely constitutes Ͻ1% of the general population. 8 Furthermore, testing is most informative if done in an affected person. Testing in unaffected persons or in persons with low mutation risk often results in findings that are uninterpretable and, therefore, not useful to patients. The benefit of confirming mutation status among carriers is that these women and their physicians can make medical decisions to reduce their risk. Mutation carriers have a lifetime risk as high as 50 -85% for breast cancer and 10 -50% for ovarian cancer. 5 Medical options for reducing risk include increased surveillance, chemoprevention, and prophylactic surgery. These surgical procedures can effectively reduce risk of breast and ovarian cancer by over 90%. 14, 15 In the current study, knowledge about the benefits of testing was limited across all risk groups (and in particular among low risk) and did not vary appreciably according to whether respondents could recall having seen the media ads (data not shown). This suggests that the campaign may not have impacted current knowledge about testing and further emphasizes the need for educational intervention among women for whom testing could be life altering.
We did not find that as a result of seeing the media ads, women were more concerned about their own risk for developing breast or ovarian cancer as was previously speculated. 16 Only 10% of women in each risk group expressed increased concern. This finding is consistent with results from a similar study by Mouchawar et al. 17 among 394 women enrolled in Kaiser Permanente Colorado. This study showed that the majority of women surveyed on their emotions after the Myriad media ads (63%) reported no increase in anxiety. The results also showed that increased anxiety was associated with higher perceived risk. Because our survey did not specifically ask about perceived risk, we cannot directly compare these results. However, insomuch as risk group correlates with perceived risk, we could not confirm this in our population.
The BRACAnalysis campaign was widely defined as women aged 25-54 with a family history of breast or ovarian cancer. The television ad, which was the media most commonly recalled by our respondents, featured several women talking about their relative(s) with breast or ovarian cancer and about how BRACAnalysis would help them know their risk so that they could "be ready against cancer." The ad provided little detail about the types of families that might benefit from testing. It is conceivable that a woman with one relative with breast cancer diagnosed over 50 (who would have been included in our low-risk group) could have viewed the ad and considered herself at risk for having a BRCA mutation. In fact, about 20% of women in the target audience would be expected to have such a family history yet would not warrant testing. 18 Furthermore, it was not clear that any of the women in the ad were affected with cancer themselves, whom as stated previously, would be the preferred person in the family to undergo testing. It is recognized that detail needed to adequately describe risk factors for and benefits of testing may not be feasible in 30-second advertisement. However, a more targeted campaign addressing these issues may serve not only to dismiss fear among low-risk women but also trigger greater response and uptake of genetic testing among high-risk women who are not currently seeking these services.
One potential benefit to the BRACAnalysis campaign is that it increased awareness about the importance of family history in breast and ovarian cancer. Each year, about 200,000 cases of breast cancer and almost 25,000 cases of ovarian cancer are diagnosed in the United States. 6 We still cannot explain the vast majority of these cancers. Between 3 and 4% of breast cancers are thought to be hereditary. [2] [3] [4] Of those families with familial clustering of breast cancer, Ͻ25% are explained by known breast cancer susceptibility loci. 19 Other known risk factors including diet, reproductive history, and environmental exposure explain a very small proportion of cancers. Highlighting the importance of family history in assessing risk for cancer susceptibility may be beneficial. Increasing knowledge about risk may lead to greater uptake of information and screening for high-risk women, which may ultimately help reduce the burden of these cancers.
This study has some limitations that deserve mention. Although our study was strengthened by our ability to categorize women by risk based on family history information provided upon enrollment into CGN, we recognize that our study population may not be representative of the population targeted by the campaign. Individuals enrolled in the CGN represent a "higher than average" risk group as they either had cancer themselves or had a first-degree relative with cancer. Furthermore, by virtue of their enrollment into the registry, they are also likely a more motivated group with perhaps greater personal interest in issues surrounding cancer and genetics. Our response rate was reasonable for this type of study. However, nonrespondents tended to be younger and unaffected. Insomuch as these factors affect differences in response between risk groups, there is potential for selection bias. This study was also limited in our ability to conduct follow-up on subjects to verify reported testing or track referrals for testing. The survey was completed within 10 months of the start of the campaign, so it is possible that additional women sought testing that may have been inspired by the campaign beyond the survey period.
The Myriad campaign poses an important question: how do we inform the public about new technologies that enable us to identify individuals predisposed to disease without unnecessarily alarming those at low risk? The multimedia campaign for
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BRACAnalysis seemed to reach a very wide audience. Genetic testing is a promising tool for identifying those at risk and ultimately preventing disease. However, genetic information is complex, and as this survey has shown, is not well understood by most people. At present, those who stand to benefit from genetic testing comprise a very small fraction of the population. In 2007, Myriad relaunched the ad campaign in the northeastern region of the United States, focusing on Boston, Hartford, Providence, and New York City. 20 The target audience remains the same, perhaps to maintain consistency with the 2002 campaign. It will be interesting to see what impact the campaign will have on this population. From our evaluation, if a media campaign is a viable approach to increasing awareness, a more targeted campaign aimed at those most likely to benefit from testing might be preferred.
